Introduction
The MEditerranean FeVer (MEFV) gene encodes an intracellular, cytoskeleton-associated protein, pyrin (also known as marenostrin) (1) . Although the function of this protein is not fully understood, one hypothesis is that it regulates inflammation by inhibiting caspase-1-mediated activation of prointerleukin-1β (2) . Thus, pyrin is classically proposed to prevent inappropriate secretion of interleukin-1β (IL-1β) and the resulting immune activation. Homozygous or compound heterozygous mutations of the MEFV gene result in defects in pyrin function and are responsible for the disease familial Mediterranean fever (FMF, OMIM 249100) (3) . Patients with this autoinflammatory disease are also more prone to other rheumatic diseases like seronegative spondylarthropathies (4) , vasculitides (5, 6 ), Behçet's disease (7, 8) , glomerulonephritides (6) , inflammatory bowel diseases (9) , and multiple sclerosis (10) , probably because they have defects in preventing inflammation. Evidence supports that, like patients with FMF, people carrying a heterozygous MEFV mutation have some defects in preventing inappropriate inflammation and have augmented inflammatory responses (11, 12) . Moreover, carrying a heterozygous MEFV mutation is known to modify the course of disease in patients with seronegative spondylarthropathies (13) , rheumatoid arthritis (14) (15) (16) , juvenile idiopathic arthritis (17) , gouty arthritis (18) , inflammatory bowel diseases (19) (20) (21) , multiple sclerosis (22) , systemic lupus erythematosus (23, 24) , Behçet's disease (25) (26) (27) , and other vasculitides (5, 28) . In most of these studies, disease groups also had higher carrier rates of MEFV mutations than expected, which raises the question of whether these mutations might be genetic susceptibility factors for non-FMF rheumatic diseases, especially in regions endemic for FMF (13, 14, 17, 20, 25, (29) (30) (31) . Chromosomal region 16p13, which bears the MEFV gene, also bears other genes such as major histocompatibility complex class II transactivator (MHC2TA), which encodes proteins functioning in immune processes. Polymorphisms in the genes located in this chromosomal region are known to have predisposing/protective effects on immune diseases like multiple sclerosis and rheumatoid arthritis (32) . Collectively, these findings made researchers think that there is a link between MEFV mutations and rheumatic diseases other than FMF.
Although it is known that patients with FMF have higher rates of coexistent glomerulonephritis (6), little is known about glomerulonephritides and non-FMF MEFV mutation carriers (33) . The aim of this study is to determine MEFV mutation carrier rate in a sample of Turkish patients with glomerulonephritis and to investigate the association between disease features and MEFV variants.
Materials and methods

Patients
Patients older than 18 years of age with biopsy-proven glomerulonephritis, referring between August 2015 and June 2016 and followed up at the Department of Nephrology of the Ankara University Medical Faculty, a tertiary care center accepting patients from all over the country, were included in the study. Exclusion criteria were presence of coexistent FMF, amyloidosis, and allogeneic hematopoietic stem cell transplantation. Written informed consent was obtained from each patient. All procedures were in accordance with the ethical standards of the Institutional Review Board of Ankara University Medical Faculty (study approval number 03-90-16) and the 1964 Helsinki declaration.
Variables and definitions
Medical records regarding age, sex, definite pathological diagnosis, disease duration, presence of nephritic/ nephrotic signs (edema, new-onset hypertension, or macroscopic hematuria) at diagnosis, laboratory findings (serum creatinine, albumin, C3 and C4 complement levels, creatinine clearance, urinary examination for microscopic hematuria, 24-h urine protein, antinuclear antibody [ANA], and antineutrophilic cytoplasmic antibody [ANCA] profiles) at diagnosis, kidney biopsy findings (presence of endocapillary, mesangial and extracapillary proliferation, crescent percentages, degree of tubulointerstitial inflammation, fibrosis and tubular atrophy, percentages of global and segmental sclerotic glomeruli, and positivity of antiimmunoglobulin and anticomplement stainings of the mesangium and glomerular basement membrane in direct immunofluorescence microscopy), previous serum creatinine if measured, immunosuppressive regimens if given, stabilization time for proteinuria, duration of immunosuppressive use, and serum creatinine and 24-h urine protein in remission were identified. For those with relapse, time from diagnosis to relapse, presence of second remission, and second relapse were identified. For those who needed eventual chronic renal replacement therapy (RRT), time from diagnosis to initiation of RRT was noted. Glomerular filtration rate (GFR) loss at diagnosis was defined as more than 25% nonchronic decrease in estimated GFR (eGFR) calculated by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation (34) . Stabilization time for proteinuria was defined as the time from diagnosis to achievement of the level of proteinuria with no further decrease in at least two consecutive measurements. Nephrotic proteinuria was defined as more than 3 g/day and hypoalbuminemia as serum albumin lower than 3.5 g/dL. Definitions of remission, relapse, and refractory disease are based on the Kidney Disease Improving Global Outcomes (KDIGO) 2012 clinical practice guidelines for glomerulonephritis (35) .
Genetic analysis
About 5 mL of peripheral blood from each patient was drawn into tubes with ethylenediaminetetraacetic acid (EDTA). Genomic DNA was extracted from these samples by the spin column method and quality-checked. Exons 2 and 10 of the MEFV gene along with exon-intron junctions were amplified with polymerase chain reaction (PCR) (T100TM Thermal Cycler, Bio-Rad, USA) using RNA primers F: 5'-GACAGCTTCATCATTTTGCATCTGG-3' , R: 5'-CTTTCTCTGCAGCCGATATAAAGTAGG-3' for exon 2 and F: 5'-TTCCAGAAGAACTACCCTGTCCCTG-3' , R: 5'-TTTCCCATAGCAGCTAGCACCTAGTC-3' for exon 10 (Sentegen Biotechnology, Turkey). Mutations and polymorphisms of the two exons were detected using an automated genetic analyzer (3130 Genetic Analyzer, Applied Biosystems, USA) with next-generation sequencing.
Statistical analysis
All the statistical analyses were performed using IBM SPSS Statistics 21 (IBM Corp., USA). In the prestudy power analysis, 200 patients were found to be included in the study to detect a 1.5 times increased rate of MEFV mutations in the study group compared to the normal population with 80% power and alpha of 0.05. Data were described as numbers and percentages for categorical variables and as means ± standard deviations or medians with interquartile ranges for continuous variables. Analyses between 2 or more categorical variables were performed using chisquare or Fisher's exact tests. Odds ratios (ORs) with 95% confidence intervals were calculated where appropriate. After testing for normality, Mann-Whitney U or KruskalWallis tests were used for comparison of variables with nonnormal distributions and t-tests or one-way ANOVA for normally distributed ones. Bonferroni corrections and adjusted significance levels for pairwise comparisons were used for post hoc analyses. Stratifications and MantelHaenszel (M-H) estimates of common ORs were used in analyses including categorical confounders. P < 0.05 was considered statistically significant.
Results
Demographic and clinical features
Demographic features and disease subgroups are given in Table 1 . Ten patients (5%) had disease durations shorter than 6 months and minimum duration of disease was 4 months. As only biopsy-proven cases referring in a limited time period were included in the study, rates of specific diseases were not thought to reflect true incidences. Clinical and laboratory features of disease subgroups at diagnosis are given in Table 2 .
Frequencies of MEFV variants
MEFV mutation carrier rates, mutant allele frequencies, and normal population data based on the results of the largest nationwide study (36) are given in Table 3 . Allele frequency of R202Q, the only amino acid-changing polymorphism, was 74/400. There are no normal population data for the frequency of this polymorphism but it was comparable with the reported rates of healthy control groups of some small-scale regional studies (38, 39) . Carrier rates and allele frequencies did not differ between disease subgroups (Supplementary Table S1 ).
MEFV variants and clinical and laboratory findings at diagnosis
Rates of edema, hypertension, and hematuria as well as serum creatinine, eGFR, creatinine clearance, serum albumin, proteinuria, and rate of GFR loss at diagnosis were all similar between MEFV mutation carriers and noncarriers. Positivity and titers of ANA and ANCA, and serum levels of C3 and C4, were also similar between mutation carriers and noncarriers (data not shown). C3 but not C4 hypocomplementemia was more frequent in patients carrying R202Q polymorphism as compared to noncarriers (26% vs. 13%, OR = 2.25 [1.03-4.91], P = 0.037). This may be explained by the confounding effect of disease subgroups. Carrier rates of R202Q were higher in systemic lupus erythematosus (SLE) and membranoproliferative glomerulonephritis (MPGN) groups (56.3%, 35.3%, and 31.3% in SLE, MPGN, and all patients, respectively), which are characterized by higher rates of hypocomplementemia (68.8%, 47.1%, and 17% in SLE, MPGN, and all patients, respectively). After stratification according to disease subgroups, strata-specific ORs were homogeneous among groups (Tarone's statistic = 2.83, P = 0.83) and the M-H estimate of the common OR was 1.84 (0.7-4.83), P = 0.685.
MEFV variants and pathology findings
Mutation/polymorphism carriers and noncarriers had similar distributions of percentages of endocapillary, mesangial, and extracapillary (crescentic) proliferation. Positivity and severity of anticomplement and antiimmunoglobulin stainings of the mesangium and glomerular basement membrane were similar as well (data not shown). M694V mutation carriers had higher percentages of global glomerular sclerosis and more severe tubulointerstitial fibrosis compared to noncarriers (Table 4) .
MEFV variants and prognostic parameters
The patient flowchart is given in the Figure. There was no difference between mutation/polymorphism carriers and noncarriers in terms of rates of remission, refractory disease, relapse, and need for eventual chronic RRT. Stabilization time for proteinuria, duration of immunosuppressive treatment, time from diagnosis to relapse, rates of second remission and second relapse, serum creatinine, eGFR, creatinine clearance, proteinuria in remission, and time from diagnosis to initiation of RRT were similar as well (data not shown). The relationship between E148Q mutation and prognostic parameters in 113 patients who completed first-line immunosuppressive treatment is shown in Table 5 . Among 148 patients who achieved remission, refractory disease rates were 48% and 20% in carriers (n = 17) and noncarriers (n = 131) of E148Q mutation, respectively (OR = 3.6 [1.2-10.2], P = 0.027). Carrier rates of M694V mutation were 14.3% and 
Age ( 2.8% in patients who needed (n = 21) and did not need (n = 179) chronic RRT, respectively (OR = 5.8 [1.3-26.3], P = 0.04). Carrying an M694V mutation was not found to be associated with any other prognostic parameter.
Discussion
Although it is known that pyrin has a regulatory role on inflammatory processes via inflammasome-and/or cytoskeleton-associated intracellular mechanisms, its precise molecular interactions and functions still need to be clarified since controversies exist (1,2,40). Nevertheless, mutations and polymorphisms of its coding gene, MEFV, have been shown to modify the course of many non-FMF rheumatic diseases (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . In FMF, different mutations do not have the same impact on disease severity and prognosis, and even the same mutation may have different prognostic importance in different races and geographical regions (41) , probably because each mutation alters pyrin function to a different degree and some environmental and genetic modifiers other than MEFV gene mutations exist (1) . For the same reason, it is probably the case with MEFV gene mutation carriers with rheumatic diseases other than FMF. As an example, in Israeli patients with rheumatoid arthritis, carrying an MEFV gene mutation, particularly E148Q, is found to be associated with more severe disease (16) , but in Japanese rheumatoid arthritis patients, E148Q or any other MEFV gene mutation had no association with severity or any other disease-related parameter (42) despite the frequency of E148Q mutation being much higher in Japanese rheumatoid arthritis patients. In Turkish patients with rheumatoid arthritis, on the other hand, carrying an MEFV gene mutation is associated not with higher disease activity scores but with more deformed joint count in a manner not primarily dependent on the presence of E148Q (15) . Thus, MEFV mutations do not have fixed effects on the course of either FMF or non-FMF rheumatic diseases. In the study by Kukuy et al. (33) , they investigated the potential association of MEFV mutation carrier status and disease characteristics in 40 patients with immunoglobulin A nephropathy (IgAN) and 40 patients with other forms of primary glomerulonephritis from a multiethnic Jewish Bacause of methodological differences, these data were not comparable. Mild-moderate (%) 25 36 Severe (%) 37. 5 8 10 patients (5%) were excluded from the analysis due to lack of detailed pathology reports. Percentages of globally sclerotic glomeruli are given as medians with interquartile ranges (IQRs). population. They did not find any difference in the rates of the three most commonly seen MEFV gene mutations (E148Q, M694V, V726A) between patients and a normal population. In the IgAN subgroup, they assessed clinical disease severity based on serum creatinine and proteinuria, clinical course (stable or deteriorating), and kidney biopsy pathology findings (focal, mesangial, or diffuse proliferative). They were not able to show any association of MEFV mutation carrier status and disease characteristics. In contrast, we investigated all of the possible exon 2 and exon 10 mutations and polymorphisms with sequence analysis. The most commonly seen three mutations in Turkish and Jewish populations are E148Q, M694V, and V726A. We identified 14 allelic MEFV gene mutations in addition to 39 with E148Q, M694V, and V726A (Table 3) . Clinical, laboratory, and pathology findings in our study were also more detailed and quantity-based, allowing further statistical analyses. Very recently, a study from eastern Turkey reported a high MEFV mutation carrier rate (35.9%) in patients with primary glomerulonephritis but did not exclude cases with coexistent FMF, and the rate of coexistent FMF in the study group was quite high (18.7%) (43) . Detailed prognostic and histopathological evaluations were also lacking. To our knowledge, there exists no other study in the literature investigating the potential effect of MEFV mutations on clinical, laboratory, histopathological, and prognostic features of patients with glomerulonephritis. In this study, we report higher refractory disease rates in E148Q mutation carriers and more severe tubulointerstitial fibrosis, more global glomerulosclerosis, and higher RRT rates in M694V mutation carriers compared to noncarriers in a sample of Turkish patients with various types of glomerulonephritides. Although refractory disease rates were higher in E148Q carriers, eventual remission and RRT rates were similar, probably because of more aggressive use of immunosuppressive agents (Table 5) . Interestingly, laboratory and histopathological findings at diagnosis as well as proteinuria and creatinine clearances in remission were also similar in E148Q carriers compared to noncarriers. Thus, with no effect on eventual outcomes and predictors of outcomes at diagnosis, E148Q mutation may modify the response to immunosuppressive treatment as carriers have higher refractory disease rates. The higher carrier rate of M694V mutation among patients who needed RRT may be related with more severe histopathological chronicity findings in M694V carriers at diagnosis (Table  4) . Since the indications and timing of kidney biopsy were not standard, it is difficult to interpret why M694V carriers had more severe global glomerulosclerosis and tubulointerstitial fibrosis at diagnosis. It was also not possible to make further statistical analyses regarding remission, relapse, and refractory disease rates in patients who were given immunosuppressive treatment as only a total of 8 patients carried the M694V mutation.
The finding of increased carrier rate of MEFV mutations in glomerulonephritis (one out of four patients) raises the question of whether these mutations may be genetic susceptibility factors for glomerulonephritis. Heterozygous carriers of MEFV mutations are known to have subclinical inflammation and augmented inflammatory responses (11, 12) and hey may potentially have a predisposition, as in the case of other non-FMF rheumatic diseases (13, 14, 17, 20, 25, (29) (30) (31) . One point to be clarified is whether there is a true association or a haplotypic relationship between MEFV mutations and glomerulonephritis or other rheumatic diseases as the chromosomal region 16p13 bears MHC2TA and probably other genes regulating inflammatory processes (32) . Further genetic studies are needed to conclude properly on this issue. Genome-wide association studies in patients with IgA nephropathy and lupus nephritis did not reveal any association with the MEFV gene or chromosomal region 16p13 before (44, 45) . Notably, these were not whole-exome sequencing studies and the MEFV gene was not identified as a target gene in these studies. Interestingly, we did not find any difference in MEFV mutation carrier rates of disease subgroups although not all types of glomerulonephritides are IL-1β-mediated (46, 47) . IL-1β, produced by phagocytes, is one of the major cytokines of the innate immune system, but it is still involved in adaptive immune processes like stimulation of T helper 17 (Th17) cells (48) , which may have a pathogenetic role in some types of primary glomerulonephritis (47) . The adaptive immune system uses effector mechanisms of the innate immune system as well (48) . SLE, which is characterized primarily by overactivation of the adaptive immune system, is a good example to understand this interrelation. It is thought that FMF or the presence of MEFV gene mutations confer some protection from SLE and the two diseases rarely overlap (49) , but in the case of their presence, MEFV mutations are still associated with higher disease activity indices and early onset disease (23) , and exon 10 mutations with more severe disease and nephritis in patients with SLE (24) . Thus, MEFV variants may potentially modify the course of glomerulonephritides not primarily mediated by IL-1β and the innate immune system like membranous nephropathy, immunoglobulin A nephropathy, and lupus nephritis.
In geographical regions and races with a high frequency of FMF and hence heterozygous MEFV mutations, it is worth further studying the possible predisposing and modifying effects of these mutations on specific types of glomerulonephritides and other non-FMF rheumatic diseases in large prospective cohorts for both a better understanding of the pathogenesis of autoimmune diseases and potential therapeutic implications. Numbers of patients in disease subgroups in this study were mostly not enough for subgroup analyses for specific types of glomerulonephritides. The number of patients with specific MEFV gene mutations was also low for further analysis. It was not possible for us to look for mutations in the whole MEFV gene, and normal population data for rare exon 2 and 10 mutations were also lacking (Table 3) . Since geographical differences in MEFV mutation rates and profiles are of major concern in Turkey (36), studies with a multigeographical design are needed for more conclusive interpretations.
In conclusion, the MEFV mutation carrier rate was higher than expected in our sample of Turkish patients with glomerulonephritis. The E148Q mutation may be associated with refractory disease. The M694V mutation was more frequent in patients who needed chronic RRT.
